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Abstract
We investigate the status of models containing exotic fermions or extra Z-like
neutral gauge bosons in the light of recent BNL data on anomalous magnetic mo-
ment of muon. We nd that it is possible to extract interesting bounds on the
extra parameters introduced in this way. This is especially true if the new flavour-
changing neutral currents are of the axial vector type.
The recent result from BNL [1] on anomalous magnetic moment (aµ) of muon may
very well act as an Occam’s razor in constraining physics beyond the Standard Model
(SM). The data seems to indicate a 2:6 deviation from theoretical predictions based on
the SM. More precisely, the measured value aµ = (gµ − 2)=2 lies in the range
aexpµ = (11 659 202  14 6) 10−10 (1)
in units of Bohr magneton. Accumulation of fresh data is likely to bring down the errors
even further. When this is compared with the SM prediction [2]
aSMµ = (11 659 159:7 6:7) 10−10; (2)
one has a rather tantalizing allowance for contributions from a number of non-standard
options [4{7]. At the same time, it is possible to constrain new theories with potential
extra contributions to (gµ − 2). One such set of possibilities consists of models with
extra neutral gauge bosons and/or exotic fermions [8]. In this note we shall examine
constraints on parameters of these models, such as the couplings and the masses of these
extra particles, that can be imposed from the recent data on measured muon anomalous
magnetic moment.
Let us rst discuss models with exotic fermions. Constraints on ordinary{exotic
fermion mixing from electroweak observables have been discussed already in the liter-
ature [9]. Here one can have vectorlike doublets, vectorlike singlets or mirror fermions. A
generic feature of all these scenarios is the existence of flavour-changing couplings of the





exotic fermions contribute to muon anomalous magnetic moment via one loop diagrams
shown in Fig. 1(a).
Parametrizing the couplings as
LFCNC = g
2 cos W
γµ(aLPL + aRPR); (3)
the additional contributions can be calculated explicitly under the assumption that only



























































(aR + aL) and CA =
g
4 cos θW
(aR − aL) and r = (1 − (mF =MZ)2). In
addition, one expects contribution from Higgs{mediated loops. these are numerically of
less signicance, particularly in large Higgs mass limit.
Clearly, for aL = 0 or aR = 0 (i.e., pure left- or right-handed couplings), the con-
tributions corresponding to a mass insertion in the internal fermion line are absent.
Consequently, any enhancement due to mF is at best logarithmic and the ensuing con-
straints from aµ are not signicant. For aL = −aR, a purely axial coupling, the addi-
tional contribution is negative. Since the data allows for only a very small range for
aµ = aµ(exp) − aµ(SM) < 0, this immediately translates to a signicant constraint in
the aR{mF plane (see Fig. 2). On the other hand, aL = aR (vectorlike current) leads
to a positive contribution to aµ. Since the available allowance here is much larger, the
resulting constraints are weaker. For example, with an exotic fermion mass of 400 GeV,
the maximum value of aR turns out to be about 4:5 10−2.
Note that the bound on aR is actually strengthened with increasing fermion mass.











Figure 1: Feynman diagrams contributing to aµ.
If we examine specic models [3] like those based on the E6 gauge group, some addi-
tional features may reveal themselves. The fundamental (27-dimensional) representation
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of E6 contains 16, 10 and 1-plets of SO(10). The 10-plet of SO(10) contains a vectorlike
lepton isodoublet (NE ; E) and an isosinglet neutrino N . In this case there is an extra
contribution coming from another diagram where the photon couples to two W bosons
and the NE sits inside the loop. The corresponding contribution has a sign opposite to the
case we considered earlier and can be sizable. As a result the net aµ(exotic) may turn out
to be positive, especially if we take the WNE coupling to be the same as ZF coupling.
However this is not the case in general, since there is an NE{N mixing as well. This
extra mixing in the neutrino sector prevents an exact or near-exact cancellation between
the flavour-changing charged current loop and the corresponding Z-mediated loop. Thus,
if one has non-decoupling contributions from both Z and W loops, the constraint from

















Figure 2: The region of parameter space allowed by the aµ data at dierent condence
levels. The area to the right of each curve is excluded at the level indicated against it. The
solid lines correspond to aL = aR, and dashed line, to aL = −aR. For the latter, there are
no limits at the 2 level.
Another set of interesting contributions come from diagrams with an extra Z-type
boson (Z 0). The breaking of E6 results in more than one additional U(1) symmetries, at
least one of which may survive down to the TeV scale in many scenarios, leading to an
extra neutral gauge boson of phenomenological signicance. The ensuing contributions to
(gµ− 2) will involve a graph similar to the one shown in the previous gure, but with the
muon replacing F , and Z 0 replacing Z. As has already been shown [4], the smallness of
the muon mass in the loop makes the contribution rather small, and one hardly obtains
a bound of any signicance.
If however, one considers a model where the Z 0 has flavour-changing couplings to the
known charged leptons, then the data on aµ can subject it to rather severe constraints.
The constraints on the mass of such a boson is model-dependent [12]. For example if one
extends the SM gauge group by U(1)Lµ−Lτ , then the corresponding Z
0 couples with full
strength to a  current [13]. In such cases, one has contributions to the muon anomalous
3
magnetic moment via one-loop diagram in Fig. 1(b). We parametrize these couplings in


















Figure 3: The region of parameter space allowed by the aµ data at dierent condence
levels. The area to the right of each curve is excluded at the level indicated against it. The
solid lines correspond to aL = aR, and dashed line, to aL = −aR.
The parameters involved are aL, aR and MZ′ . To reduce the number of parameters,
we examine again cases with aL = aR and aL = −aR. Fig. 3 shows the area in the aR {
MZ′ plane excluded by the aµ data for each of these two cases. While the  , being lighter
than the exotic fermion F considered earlier, contributes less through the loop, an a priori
unsuppressed (gauge) coupling at Z 0 vertex has a compensating eect. Also an argument
similar to that given for the F -mediated loop tells us that the constraint will be stronger
for aL = −aR, something that is reflected in the gure.
In conclusion, we have explored the phenomenological consequences of the models
containing extra gauge bosons or exotic fermions in the light of the recent data on the
anomalous magnetic moment of the muon from the E821 experiment at BNL. We nd
that the constraints on the model parameters can be signicant if the flavour-changing
couplings for these scenarios are dominantly of the axial vector type. While the parameter
space of vectorlike fermion mixing with the muon gets rather strongly restricted by the
recent data, somewhat weaker but non-negligible constraints also arise for a Z 0 if it has
flavour-changing interactions in the leptonic sector.
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